RESULTS A N D DISCUSSION
NADH oxidase activity varies with culture age (Seddon & Fynn, 1973) . In order to minimize the effects of endogenous tyrothricin production the electron-transport particles were prepared from organisms freshly harvested from the exponential phase of growth, before substantial amounts of tyrothricin were produced. Because of variations in NADH oxidase activity between individual preparations all component enzyme activities and inhibitor effects were measured on the same preparation. Thus direct comparisons of the component enzyme activities with the overall NADH oxidase activity could be made. Table I shows results obtained from a typical preparation. (For each component enzyme activity and inhibitor effect at least three experiments were made. The inhibitions obtained consistently gave values within 5 % of those shown.)
Complete inhibition of NADH oxidation with KCN was never obtained. Approximately
15 to 20 % of the NADH oxidase activity remained with a concentration of KCN that gave IOO % inhibition of cytochrome c oxidase. The high concentration of KCN had no effect on NADH dehydrogenase activity, indicating that KCN was effectively inhibiting cytochrome oxidase only. The activity of NADH-cytochrome c reductase, however, when no KCN was present, was only 2 % of the activity observed when KCN was present to block the action of cytochrome oxidase. These results suggest that the rate-limiting step in the overall NADH oxidase sequence is between components of the NADH-cytochrome c reductase system that follow those involved in the NADH-ferricyanide dehydrogenase reaction. Hence KCN is necessary when measuring NADH-cytochrome c reductase activity.
The partial enzyme activity rates except for that of NADH-cytochrome c reductase which is only approximately 80 % of the overall activity, are equal to, or greater than, the overall NADH oxidase rate. This value of 80 % may possibly be a result of mammalian cytochrome c (an artificial redox component in this sytem) being the electron acceptor. On the other hand mammalian cytochrome c reacts favourably in the cytochrome c oxidase system, which suggests that mammalian cytochrome c is able to interact at the locus of B. brevis cytochrome c. There could be a more reasonable explanation of these findings. If NADH-cytochrome c reductase is the rate-limiting step, then one must infer that NADH-cytochrome c reductase participation can account for only 80 % of the overall rate of NADH oxidation. This agrees with the fact that only approximately 80 % of the NADH oxidase activity is inhibited by KCN, whereas cytochrome c oxidase is 100% inhibited.
The remaining 20 % of the NADH oxidase activity would be via a pathway from NADH to oxygen which does not pass through the KCN-sensitive cytochrome oxidase.
As with KCN, maximum inhibition with antimycin A accounts for only about 80 % of the overall NADH oxidase activity (Table I) , whereas inhibition of the partial electrontransfer region containing the antimycin A-sensitive site (NADH-cytochrome c reductase) causes complete loss of activity. The total electron flow cannot, therefore, pass through the antimycin A-sensitive site and so the residual 15 to 20 % NADH oxidase activity is via an electron-transfer pathway not involving the inhibitor-sensitive site. The NADH dehydrogenase region is not affected by antimycin A, so the site of inhibition must be after the 388 Short communication participation of ferricyanide but before the participation of cytochrome c. The characteristics of inhibition are similar to those observed with mitochondria1 systems and the inhibitory site could be around the level of cytochrome b.
The results with KCN indicate a branching in the respiratory chain at a point on the dehydrogenase side of cytochrome oxidase. Similarly, the results with antimycin A suggest that this branch point is at a level on the flavoprotein side of the antimycin A-sensitive site (from the present experiments located between the dehydrogenase and cytochrome c). Previous observations of incomplete inhibition of NADH oxidation are, therefore, not a result of the relative insensitivity of the inhibitory site but a characteristic brought about by branching of the electron-transport chain. Branched electron-transport occurs in other bacterial systems (White & Sinclair, 1971 ). The pattern of antimycin A and KCN inhibition of the individual enzyme components suggests that NADH-cytochrome c reductase and cytochrome c oxidase belong to a common pathway. In contrast NADH-cytochrome c reductase, NADH-menadione reductase and NADH-ferricyanide reductase activities are all inhibited by concentrations of tyrocidine or tyrothricin comparable to those needed for roo % inhibition of NADH oxidase (Table I ) suggesting that the branch-point lies between NADH and the quinone participant. The level of tyrocidine or tyrothricin inhibition with the NADH-linked oxidation must occur prior to any merging of pathways with succinate oxidation, otherwise succinate oxidation would be inhibited to the same extent as NADH oxidation (see below). Although the results are not unequivocal, the following electrontransport sequence for the NADH oxidase chain of B. brevis is proposed from the results presented here and in earlier reports (Fynn, 1973; Seddon, 1971 ; Seddon & Fynn, 1971) : cyt. a,, (a+a3 
where fp., is NAD-associated flavoprotein dehydrogenase, MK-7 is menaquinone-7, cyt. is cytochrome, and (I), (2), (3) and (4) indicate primary sites of inhibition by tyrothricin, U.V. irradiation, antimycin A and KCN respectively. The residual activity after KCN and antimycin A inhibition or U.V. irradiation is presumably via the unidentified pathway. Tyrocidine inhibition, however, must occur prior to the branch-point at the level of NADH dehydrogenase, since IOO % inhibition of NADH oxidase and NADH dehydrogenase was observed.
Table I also shows the inhibition by the cyclic decapeptide antibiotics of NADH oxidase (and its component enzyme systems), succinoxidase and cytochrome c oxidase activities. Complete inhibition of succinoxidase activity was obtained only with concentrations of tyrocidine and tyrothricin threefold higher than those required for roo % inhibition of NADH oxidase. Cytochrome c oxidase was not affected by the antibiotics at the levels which produced IOO % inhibition of NADH oxidase activity, and an eightfold increase in antibiotic concentration was required for substantial inhibition (80 %) of activity. The results indicate that NADH oxidation is preferentially inhibited.
Electron-transport particles isolated from various stages of growth showed that NADH oxidase activity declined from 145 to 22 ng-atom O,/min/mg protein as growth increased; succinoxidase activity remained at a low but constant value (about 12 ng-atoms O,/min/mg protein). Increased tyrothricin production at later stages of growth (Seddon & Fynn, 1973) may affect the primary NADH dehydrogenase site, but the tyrothricin cannot be present ? Relative to the NADH oxidase activity as 100 %. 2 Maximum inhibition observed ; higher concentrations produced no further inhibition of activity. 0 KCN already present (see details of assay system).
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in high enough concentrations to inhibit succinate oxidation to any extent. The possibility cannot be disregarded, however, that reduced oxygen tension during late growth may have influenced the NADH oxidase (Seddon & Fynn, 1973) .
The results here indicate that NADH, succinate and cytochrome c oxidases all show different levels of inhibition with the cyclic decapeptide antibiotics. The antibiotics are presumed to act as cationic detergents (Hunter & Schwartz, 1967) and it would appear that different levels of membrane disorganization lead to the results observed. It is suggested that the three levels of antibiotic inhibition of enzyme activity are due to the different environments of NADH dehydrogenase, succinate dehydrogenation and cytochrome c oxidase within the membrane lipoprotein matrix. Low levels of cyclic decapeptides are required to disrupt the NADH dehydrogenase region whilst, at the other extreme, only with high levels of antibiotic is there observable inhibition of cytochrome c oxidase.
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